Quarkonium hadron interaction in QCD 
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The analytic continuation of the operator product expansion of the scattering amplitude allows 
to compute the heavy-quarkonium hadron total cross section. The energy dependence of the 
T and T' cross sections with a proton is discussed. 
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O ' 1 Introduction 

(N 

Heavy quarkonium (<£) production is known to be sensitive to quark-gluon plasma formation in 

heavy ioncollisionslll. The NA50 results on the anomalous J/t/j suppression in Pb(158 AGeV)-Pb 

0^ . collisions @ triggered a lively and ongoing discussion on whether or not a "new state of matter" 

has been formed. 

£> ' It has been conjectured that J/ip inelastic interactions with comoving narticles produced in 

the collision may account for most of the Et dependence of the NA50 dataS. It proves therefore 

essential to determine the strength of the interaction of a heavy-quarkonium with a hadron. 

In these proceedings, we shall first present a calculation of the <J>-hadron cross section based 

on the operator product expansion □. Subsequently, the energy dependence of the T and T' 

cross sections will be discussed. 
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^h! 2 $ - h scattering in QCD 

At leading twist, the scattering amplitude of a heavy quarkonium $ with a target hadron h 
reads u 

M* h (\) = ale 2 Q J2 d 2k ef k (h\F°»{tD Q ) 2k - 2 F u Q \h), (1) 
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where ao and eo are respectively the Bohr radius and the Rydberg energy of the heavy-quark 
system. The LT amplitude in Eq. (|l|) is an expansion of hard coefficients d2k and soft matrix 
elements (h\ ■ ■ ■ \h): 

• The d,2k coefficients are numbers (for spin averaged amplitude) that are matrix elements 
evaluated in the quarkonium state. These have been computed to leading order in QCD pertur- 
bation theory and in the large N c limit for IS and 2S $-statesQ. They may be expressed as the 
2fc-th moments of a given function f^ nS > a 
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with 



/ (15) (*) = ^ 5 /2(l_ x) 3/ 2 



^Talk given at XXXVIth Rencontres de Moriond: QCD and High Energy Hadronic Interactions, Les Arcs, 
France, 17-24 March 2001. 



• The matrix elements (h\ ■ ■ ■ \h) in Eq.(||) are expectation values of twist-2 gluon field 
operators in the incoming hadron h. They can be written as 

(h(p)\F^(i : Dy^FAKp)) = A 2k j: .&-_ Wy i-ml/AY \* k -* (2) 

where A is the hadron energy in the <J> rest frame and A 2k is the Mellin transform of the gluon 
distribution G in the hadron h, i.e., 

A 2k = I 1 ^x 2k G h (x). 
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We note that only the first term in Eq. (0) will contribute to the soft matrix elements in the 



limit of massless hadrons. The inclusion of finite mass corrections (j > 1 terms in ( 
cross sections has first been investigated by Kharzeev al.u and more recently in Ref. 



2j)) on the 



From Eq. (|l|) and Eq. (^) and after a change of variable k — > k' = k — j, the forward scattering 
amplitude may be written as a double series 

M(X,m h ) = 44 J2j^o? k 'M 2{k , + /^l {-^J+a^M 2j (-^J (3) 

where M 2k = d^. A 2k . The second term in the r.h.s. of Eq. (|3|) that is real does not contribute 
to the total <3?-/i cross section and will thus be dropped in the following. This (double) series is 
absolutely convergent provided |A| < eo — m|/4eo, i.e. in the unphysical region of energies. One 
has therefore to continue analytically Eq. (y) throughout the whole complex plane to determine 
the LT amplitude in the physical region of energies. This may be done first by noticing that 
M 2k being the product of the 2k-th moments of f^ nS > and G h respectively may thus be written 

M 2k = /*— a: 2fc / (nS) ®<7(x). (4) 
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Using Eq. (|j) in Eq. (||), swapping the sums with the integral and summing over j and k! leads 

eventually to the imaginary part of the LT amplitude j] 

Im.M(A) = *-a\el _^± f^ G(e„/A+), (5) 

where A+ = (A + J A 2 — m 2 J/2 (see Ref.u). The amplitude (0) is now well defined on the real 



axis. Dividing by the flux factor J A 2 — m^ leads to the total 3>-/i cross section a$h via the 
optical theorem. Expliciting the product of convolution, we obtain 

A 2 f 1 

<**(nS)hW = A 2_ + m 2 / dxG ( x ) a HnS)g( xX +)- (6) 

where cr$( n s) g is defined as 

, , 16 3 vr 3 (u;/e-l) 3 / 2 

<r*(is) 9 (u) = ^vf a o £ o (tj/e)5 3(" - g ) ( 7 ) 

I \ ^ ( ^ l ^ 3 (^A-l) 3/2 (^/6-3) 2 „ 

with the $(nS) state binding energy e = e^/n 2 . Eq. (P) may have a simple partonic interpreta- 
tion: as anticipated in Ref. u, the LT analysis describes the <3? dissociation by gluons from the 
hadron ha. 

*Eq. (El) is exact provided the hadron mass m^ < 2e. The calculation may similarly be carried out in the case 
nth > 2e and can be found in Ref.u. 



3 Absolute cross sections 



As already mentioned, both the magnitude and the energy dependence of the heavy-quarkonium 
hadron cross sections prove to be of first importance in the context of heavy ion physics. Let us 
therefore address these very questions for the bottomonium channel in this section. 

The energy dependence of the partonic cross sections cr&( n s) g is shown in Figure [j] (left) for 
both T(15) (solid) and T'(25) (dashed) states |. The cross sections are plotted as a function of 
uj/eo with uj being the gluon energy in the bottomonium rest frame. Figure [l] reveals that the 
partonic cross sections are sharply peaked for both IS and 2S-states just above the dissociation 
threshold e up to a maximum <r™ ax ~ 0.45 mb and a™, ax « 12 mb. Indeed, cr§( n s) g is already 
10% of 0"™P 5 n for gluon energies ui > 4 — 5 e. This characteristic has been attributed in Ref.Q 
to the small size (and thus small cross sections) probed by the high momentum gluons. Another 
feature is remarkable in Figure [l] (left) : bottomonium may be probed by gluons carrying two 
distinct momenta whether the onium is T (to ~ 1.4 eo) or T' (ui w 1.2e = 0.3 eo). Such an 
effect may be seen in the pt dependence of the T'/T ratio. Using finite temperature potential 
calculations, Gunion and Vogt claimed that such an observable turns out to be a promising tool 
to study the quark-gluon plasmau. 





Figure 1: Energy dependence of the T (solid) and T' (dashed) cross section with a gluon (left) and a proton 

(right). 



Figure |l] (right) displays the cross sections of the T(nS) states with a proton as a function 
of A/eo- The GRV94 LO gluon distribution a is used for the calculation. First, we notice that 
cxp rises dramatically just above the threshold located at A = eo + m|/4eo- Above A ~ 10 eo, 
the Tp cross section smoothly increases with the hadron energy, up to 1 mb at A/eo ~ 10 3 . As 
previously discussed, the T state is dissociated by gluons with energy ~ e. The smallness of 
this cross section at threshold is therefore simply understood as the need to find gluons with 
momentum fractions x ~ e/A — » 1. At high energy A, one may approximate Eq. (0) with 
<T T(nS)g( u} ) c* 5(u> / e — 1), leading asymptotically to 



&r(nS)p °c t GP 



^The computations are performed here assuming a Bohr radius ao = 0.1 fm and a Rydberg energy 
eo = 0.75 GeV. See Ref.H for details. 



The T' — p cross section is also shown (dashed) in Figure |]. Whereas the high energy 
behavior a~f p is found to be similar to the T channel, with an asymptotic ratio crx'p/o'Xp ~ 20, 
the energy dependence at low incident energy is opposite. At threshold, the T'-p cross section 
becomes divergent. However, we do not expect any phenomenological implications whatsoever 
since the energy region for which the cross section gets large is small. Such a divergence occurs 
in the very case where the hadron mass rrih is larger than twice the binding energy e (Ref . a) . 

To conclude this section, we emphasize that the energy dependence of a$ g and <r$ p proves 
to be radically different. Whereas inelastic interactions of a heavy quarkonium with comov- 
ing hadrons seem to be unlikely, it appears that the nuclear dependence of heavy quarkonium 
production may strongly be affected by comoving gluons, as first pointed out in Ref. 113. 

4 Summary 

Let us summarize what have been presented in these proceedings : 

• First, the LT heavy-quarkonium hadron cross section has been given. The mass of the 
scattering hadron has systematically been incorporated in the cross section. 

• The proposed analysis has been performed for both IS and 2S-states, although the small 
2S-states binding energy does not fully justify a perturbative approach. 

• Finally, the energy dependence of both the T — p and T' — p cross sections has been 
investigated. The partonic cr$r n g\ g cross sections have also been discussed. 
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